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DESCRIPTION 

INFORMATION RECORDING METHOD, INFORMATION RECORDING 
APPARATUS AND INFORMATION RECORDING MEDIUM 

5 

TECHNICAL FIELD 

The present invention relates to an information 
recording method and an information recording apparatus for 

10 forming at least one of a recording mark and a space onto 
an information recording medium by irradiating pulse train 
onto the information recording medium while rotating the 
information recording medium at a certain linear velocity, 
and an information recording medium having predetermined 

15 information recorded thereon. 

The present invention is, for example, utilized in 
a case where information is recorded on the information 
recording medium at a constant angular velocity (CAV) while 
20 maintaining a recording linear density almost constant by 
varying a recording clock in accordance with the changes 
in linear velocity. 

BACKGROUND ART 

25 

When information is recorded onto an information 
recording medium (e.g. an optical disc) at a constant angular 
velocity (CAV) , it is important to optimize a recording power 
level of the recording light pulse train for forming a 
30 recording mark in accordance with the recording linear 
velocity. The recording light pulse train includes two or 
more types of pulses . Each of the two or more pulses has 
a certain recording power level. 
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Japanese laid-open patent publication No. 
2001-344754 discloses a conventional technique for recording 
information at a constant angular velocity (CAV) . According 
to this technique , information is preliminarily test recorded 
at certain rotation frequency in order to determine the 
optimum recording power level corresponding to the recording 
linear velocity. Then, based on the result of the test 
recording, the recording power level of each of two or more 
types of pulses is defined by a continuous function having 
only the recording linear velocity as variable. 

In Japanese laid-open patent publication No. 
2001-344754, the optimum recording power level is defined 
such that it is in proportion to the square root of the recording 
linear velocity, and the power level of an extra pulse at 
the leading portion of recording pulse is defined such that 
it is in inverse proportion to the recording linear velocity. 

DISCLOSURE OF THE INVENTION 

However, in a case where information is recorded at 
a constant angular velocity (CAV) at a high density and a 
high speed (e.g. in a case where information is recorded 
on a DVD-RAM) , it is impossible to form a recording mark 
having an even mark width, even if the recording power level 
of each of two or more types of pulses is defined by a continuous 
function having only the recording linear velocity as variable . 
As a result, the quality of recording/reproduction signal 
representing information is degraded in a case where 
information is recorded at a constant angular velocity (CAV) 
at a high density and a high speed (e.g. in a case where 
information is recorded on a DVD-RAM) . 
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The present Invention Is made in view of the problem 
described above. The purpose of the present invention is 
to provide an information recording method and an information 
5 recording apparatus for forming a recording mark having an 
appropriate shape and/or an appropriate mark width by 
determining the power level of pulses which are different 
from predetermined pulses depending on the recording linear 
velocity and the power level of the predetermined pulses 
10 without depending solely on the recording linear velocity. 

An information recording method according to the 
present invention includes the steps of: (a) generating a 
pulse train including a first pulse and a second pulse; and 

15 (b) forming at least one of a recording mark and a space 
onto an information recording medium by irradiating the pulse 
train onto the information recording medium while rotating 
the information recording medium at a certain linear velocity , 
wherein the first pulse is a pulse for forming a central 

20 portion of the recording mark, among the recording mark and 
the space, the second pulse is a pulse forming a portion 
other than the central portion of the recording mark, among 
the recording mark and the space, and the step (a) includes 
a step of determining a power level of the first pulse in 

2 5 accordance with the linear velocity and a power level of 

the second pulse. 

The second pulse may include a third pulse for forming 
at least one of a leading portion of the recording mark and 

3 0 a trailing portion of the recording mark, and a power level 

of the first pulse may become equal to a power level of the 
third pulse in accordance with an increase in the linear 
velocity. 
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The second pulse may include a third pulse for forming 
one of a leading portion of the recording mark and a trailing 
portion of the recording mark, and a power level of the third 
pulse may be greater than a power level of the first pulse. 

The second pulse may include a third pulse for forming 
a leading portion of the recording mark and a trailing portion 
of the recording mark, and a power level of the third pulse 
may be greater than a power level of the first pulse. 

The power level of the first pulse may be determined 
in accordance with the following formula: Pm = a(v) x (Pp 
- Pe) + Pe, the second pulse may include a third pulse for 
forming at least one of a leading portion of the recording 
mark and a trailing portion of the recording mark and a fourth 
pulse for forming the space, where Pm denotes the power level 
of the first pulse, a(v) denotes a function of the linear 
velocity, Pp denotes a power level of the third pulse, and 
Pe denotes a power level of the fourth pulse, and the power 
level of the third pulse may be greater than the power level 
of the first pulse. 

The power level of the first pulse may be determined 
in accordance with the following formula: Pm = a(v) x Pe, 
the second pulse includes a fourth pulse for forming the 
space, and where Pm denotes the power level of the first 
pulse, a(v) denotes a function of the linear velocity, and 
Pe denotes a power level of the fourth pulse. 

The power level of the first pulse may be determined 
in accordance with the following formula: Pm = a(v) x Pp, 
the second pulse may include a third pulse for forming at 
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least one of a leading portion of the recording mark and 
a trailing portion of the recording mark, where Pm denotes 
the power level of the first pulse, a(v) denotes a function 
of the linear velocity, and Pp denotes a power level of the 
5 third pulse, and the power level of the third pulse may be 
greater than the power level of the first pulse. 

The power level of the first pulse may be determined 
in accordance with only the power level of the second pulse, 
10 when the linear velocity is at least one of near maximum 
linear velocity and near minimum linear velocity. 

The power level of the first pulse may be determined 
in accordance with only the power level of the second pulse , 
1 5 when the linear velocity is near intermediate linear velocity . 

An information recording medium according to the 
present invention is provided for recording information, 
wherein: at least one of a recording mark and a space is 
20 formed onto the information recording medium by irradiating 
a pulse train onto the information recording medium while 
rotating the information recording medium at a certain linear 
velocity, the pulse train includes a first pulse and a second 
pulse, the first pulse is a pulse for forming a central portion 

2 5 of the recording mark, among the recording mark and the space , 

the second pulse is a pulse for forming a portion other than 
the central portion of the recording mark , among the recording 
mark and the space, a power level of the first pulse is 
determined in accordance with the linear velocity and a power 

3 0 level of the second pulse, and the information recording 

medium has an area on which the power level of the first 
pulse is recorded. 



P38356 

- 6 - 

a(v) may be recorded in the area, and a(v) denotes 
a relationship between the linear velocity and the power 
level of the second pulse. 

5 An information recording apparatus according to the 

present invention includes: a pulse train generating means 
for generating a pulse train including a first pulse and 
a second pulse; and a forming means for forming at least 
one of a recording mark and a space onto the information 

10 recording medium by irradiating the pulse train onto the 
information recording medium while rotating the information 
recording medium at a certain linear velocity, wherein 
the first pulse is a pulse for forming a central portion 
of the recording mark , among the recording mark and the space , 

15 the second pulse is a pulse for forming a portion other than 
the central portion of the recording mark , among the recording 
mark and the space, and the pulse train generating means 
includes a power level determining means for determining 
a power level of the first pulse in accordance with the linear 

20 velocity and a power level of the second pulse. 

An information recording method according to the 
present invention includes the steps of: (a) generating a 
pulse train including a first peak pulse and a second peak 

25 pulse; and (b) forming at least one of a long recording mark, 
a short recording mark and a space onto an information 
recording medium by irradiating the pulse train onto the 
information recording medium while rotating the information 
recording medium at a certain linear velocity, wherein the 

30 first peak pulse is a pulse for forming the short recording 
mark and the second peak pulse is a pulse for forming the 
long recording mark, and the step (a) includes a step of 
determining a power level of the first peak pulse in accordance 
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with the linear velocity and a power level of the second 
peak pulse. 

The power level of the first peak pulse may become 
5 equal to the power level of the second peak pulse in accordance 
with a decrease in the linear velocity. 

A length of the short recording mark may be a length 
of the shortest recording mark formed based on a modulation 
10 code for recording. 

A length of the short recording mark may be longer 
than or equal to a length of the shortest recording mark 
formed based on a modulation code for recording, and a length 
15 of the short recording mark is shorter than a length of the 
long recording mark. 

The power level of the first peak pulse may be 
determined in accordance with the following formula: Pps 
2 0 = P(v) x Ppl, wherein Pps denotes the power level of the first 
peak pulse, fJ(v) denotes a function of the linear velocity, 
and Ppl denotes the power level of the second peak pulse. 

The power level of the first peak pulse may be 
2 5 determined in accordance with the following formula: Pps 
= P(v) x (Ppl - Pe) + Pe, wherein Pps denotes the power level 
of the first peak pulse, p(v) denotes a function of the linear 
velocity, Ppl denotes the power level of the second peak 
pulse, and Pe denotes a power level of the pulse for forming 
30 the space. 

The power level of the first peak pulse may be 
determined in accordance with the following formula: Pps 
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= P(v) x Ppl + Ppl, wherein Pps denotes the power level of 
the first peak pulse, fJ(v) denotes a function of the linear 
velocity, and Ppl denotes the power level of the second peak 
pulse . 

5 

The power level of the first peak pulse may be 
determined in accordance with only the power level of the 
second peak pulse, when the linear velocity is at least one 
of near maximum linear velocity and near minimum linear 
10 velocity. 

The power level of the first peak pulse may be 
determined in accordance with only the power level of the 
second peak pulse, when the linear velocity is near in- 
15 termediate linear velocity. 

An information recording medium according to the 
present invention is provided for recording information, 
wherein: at least one of a long recording mark, a short 

20 recording mark and a space is formed onto the information 
recording medium by irradiating a pulse train onto the 
information recording medium while rotating the information 
recording medium at a certain linear velocity, the pulse 
train includes a first peak pulse and a second peak pulse, 

25 the first peak pulse is a pulse for forming the short recording 
mark and the second peak pulse is a pulse for forming the 
long recording mark, a power level of the first pulse is 
determined in accordance with the linear velocity and a power 
level of the second peak pulse, and the information recording 

30 medium has an area on which the power level of the first 
peak pulse is recorded. 

P(v) may be recorded in the area, and 0(v.) denotes 
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a relationship between the linear velocity, the power level 
of the first peak pulse and the power level of the second 
peak pulse. 

5 An information recording apparatus according to the 

present invention includes : a pulse train generating means 
for generating a pulse train including a first peak pulse 
and a second peak pulse; and a forming means for forming 
at least one of a long recording mark, a short recording 

10 mark and a space onto the information recording medium by- 
irradiating the pulse train onto the information recording 
medium while rotating the information recording medium at 
a certain linear velocity, wherein the first peak pulse is 
a pulse for forming the short recording mark and the second 

15 peak pulse is a pulse for forming the long recording mark, 
and the pulse train generating means includes a power level 
determining means for determining the power level of the 
first peak pulse in accordance with the linear velocity and 
the power level of the second peak pulse. 

20 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, the power level 
of the first pulse is determined depending on the linear 

25 velocity and the power level of the second pulse, without 
depending solely on the linear velocity. The first pulse 
is a pulse for forming a central portion of the recording 
mark, among the recording mark and the space. The second 
pulse is a pulse for forming a portion other than the central 

30 portion of the recording mark, among the recording mark and 
the space. 
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of the recording mark can be formed properly, even when the 
mark width of the central portion of the recording mark is 
formed depending on the linear velocity and the power level 
of the second pulse. 

5 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, the power level 
of the first peak pulse for forming a short recording mark 
10 is determined depending on the power level of the second 
peak pulse for forming a long recording mark and the linear 
velocity, without depending solely on the linear velocity. 

As a result , the width of the short recording mark 
15 can be formed properly, even when the width of the short 
recording mark is formed depending on the linear velocity 
and the power level of the second peak pulse. 

According to the information recording method, the 
20 information recording apparatus and the information re- 
cording medium of the present invention, a recording mark 
having even mark width can be formed even if information 
is recorded at a constant angular velocity at a high density 
and a high speed (for example, when information is recorded 
25 on a DVD - RAM ) . Furthermore, a recording/reproduction signal 
having favorable overwrite property can be obtained. As a 
result, highly reliable recording/reproduction performance 
can be secured throughout the entire information recording 
medium . 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a diagram showing a structure of an 
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Information recording apparatus 100 according to an em- 
bodiment of the present invention. 

Figure 2A is a diagram showing a waveform of a 
5 recording light pulse, in connection with properly forming 
the mark width of the central portion of the recording mark. 

Figure 2B is a diagram showing a shape of recording 
mark, in connection with properly forming the mark width 
10 of the central portion of the recording mark. 

Figure 2C is a diagram showing a reproduction waveform, 
in connection with properly forming the mark width of the 
central portion of the recording mark. 

15 

Figure 3A is a diagram showing a relationship ( pattern 
1) between a first power coefficient a(v) and recording linear 
velocity v. 

20 Figure 3B is a diagram showing a relationship ( pattern 

2 ) between a first power coefficient a(v) and recording linear 
velocity v. 

Figure 3C is a diagram showing a relationship ( pattern 
25 3) between a first power coefficient a(v) and recording linear 
velocity v. 

Figure 3D is a diagram showing a relationship ( pattern 
4 ) between a first power coefficient a( v) and recording linear 
30 velocity v. 

Figure 4 is a flowchart showing a procedure of forming 
a recording mark on an optical disc in a manner that the 
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mark width of the central portion of the recording mark is 
formed properly. 

Figure 5A is a diagram showing a recording pulse 
5 waveform, in connection with properly forming the mark width 
of the short recording mark. 

Figure 5B is a diagram showing a shape of the recording 
mark, in connection with properly forming the mark width 
10 of the short recording mark. 

Figure 6A is a diagram showing a relationship ( pattern 

5) between a second power coefficient f3(v) and recording 
linear velocity v. 

15 

Figure 6B is a diagram showing a relationship ( pattern 

6) between a second power coefficient 0(v) and recording 
linear velocity v. 

2 0 Figure 6C is a diagram showing a relationship ( pattern 

7) between a second power coefficient (5(v) and recording 
linear velocity v. 

Figure 6D is a diagram showing a relationship ( pattern 
25 8) between a second power coefficient P(v) and recording 
linear velocity v. 

Figure 7 is a flowchart showing a procedure of forming 
a recording mark on an optical disc in a manner that the 
30 mark width of the short recording mark is formed properly. 

100 Information recording apparatus 

101 Optical disc 
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102 System control circuit 

103 Modulation circuit 

10 4 Recording pulse train generation circuit 

10 5 Laser drive circuit 

5 10 6 Optical head 

10 7 Spindle motor 

108 Linear velocity setup circuit 

109 Reproduction signal process circuit 

110 Demodulation circuit 

10 111 Recording clock setup circuit 

113 Jitter detection circuit 

114 BER detection circuit 

115 Laser power control circuit 
120 Recording system section 

15 130 Reproduction system section 

140 Detection section 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 Hereinafter, the embodiments of the present in- 



vention will be described below with reference to the 
drawings . 

1. Structure of an information recording apparatus 100 

25 

Figure 1 shows a structure of an information recording 
apparatus 100 according to an embodiment of the present 
invention . 

30 The information recording apparatus 100 is con- 

structed to be inserted with an information recording medium 
101 (hereafter, optical disc 101) for recording and/or 
reproducing data. 
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The Information recording apparatus 100 includes an 
opticalhead 106 , a spindlemotor 107 , a system control circuit 
102 , a recording system section 120 , and a reproduction system 
5 section 130. 

The system control circuit 102 controls the operation 
of all the components included in the information recording 
apparatus 100. The optical head 106 converges the light of 
10 the semiconductor laser and irradiates the converged light 
onto the optical disc 101. The spindle motor 107 drives the 
optical disc 101 so that the optical disc 101 rotates. 

The optical head 106, the spindle motor 107, the 
15 system control circuit 102 and the recording system section 
120 form at least one of a recording mark and a space onto 
the optical disc 101, by irradiating a pulse train onto the 
optical disc 101 while rotating the optical disc 101 at a 
certain linear velocity. 

20 

The recording system section 120 include a modulation 
circuit 103, a recording pulse train generation circuit 104, 
a laser drive circuit 105, a linear velocity setup circuit 
108, a recording clock setup circuit 111 and a laser power 
25 control circuit 115. 

The modulation circuit 103 converts data to be 
recorded on the optical disc 101 into recording modulation 
codes having two values . 

30 

The recording pulse train generation circuit 104 
drives the laser such that the recording pulse train is 
generated based on the recording modulation codes. For 
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example, the recording pulse train generation circuit 104 
drives the laser such that it corrects a proper location 
of the leading pulse located at the start of the recording 
pulse train anda proper location of the trailing pulse located 
5 at the end of the recording pulse train. 

The linear velocity setup circuit 108 sets the 
rotational velocity of the optical disc 101 by controlling 
the rotation frequency of the spindle motor 107. The 

10 recording clock setup circuit 111 sets the clock of the 
recording pulse train generation circuit 104 according to 
the recording linear velocity of the optical disc 101. The 
laser power control circuit 115 controls the recording power 
level of the recording pulse train. The laser drive circuit 

15 105 drives the electric current of the semiconductor laser 
provided on the optical head 106 based on the recording pulse 
train generated by the recording pulse train generation 
circuit 104 and the recording power level controlled by the 
laser power control circuit 115. 

20 

The reproduction system section 130 includes a 
reproduction signal process circuit 109, a demodulation 
circuit 110 and a detection section 140. 

25 The reproduction signal process circuit 109 

processes reproduction signals reproduced from the optical 
head 106 (e.g. converts the reproduction signal into two 
values and reproduces the clock of the reproduction signal) . 
The demodulation circuit 110 decodes the reproduction signals 

30 and generates reproduction data. 

The detection section 140 optimizes the recording 
pulse train , which is a recording parameter , and the recording 
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power. The detection section 140 includes a jitter detection 
circuit 113 and a BER detection circuit 114. The jitter 
detection circuit 113 detects a jitter value of the re- 
production signal. The BER detection circuit 114 detects 
5 a bit error rate of the reproduction signal. 

A single-chip LSI may include at least one of the 
recording system section 120 and the reproduction system 
section 130. A single-chip LSI may include the recording 

10 system section 120, the reproduction system section 130 and 
the system control circuit 102. The manufacture process of 
the information recording apparatus 100 may be facilitated 
by including at least one of the recording system section 
120 and the reproduction system section 130 in a single-chip 

15 LSI or by including the recording system section 120 , the 
reproduction system section 130 and the system control circuit 
102 in a single-chip LSI. 

2. Proper formation of the mark width of the central portion 
20 of the recording mark 

Figures 2A to 2C are diagrams for explaining the 
proper formation of the mark width of the central portion 
of the recording mark. 

25 

Figure 2A shows a waveform of a recording light pulse 
train A and a waveform of a recording light pulse train B. 
The recording light pulse train A and the recording light 
pulse train B are observed by the emission output 116 of 
30 the optical head 106 (see Figure 1). 

The recording light pulse train A includes an 11T 
recording light pulse A and an erasing light pulse A. 
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The 11T recording light pulse A is a recording light 
pulse for forming a recording mark having a length of 11T 
when the recording linear velocity is at the lowest recording 
5 linear velocity va, where T denotes a cycle of the recording 
clock. The recording light pulse train A includes a leading 
pulse 1A, an intermediate pulse 2A and a trailing pulse 3A. 

The leading pulse 1A is located in the vicinity of 
10 a leading edge of the 11T recording light pulse A and has 
a peak power level Ppi(va). The intermediate pulse 2A is 
located at the central portion of the 11T recording light 
pulse A and has a middle power level Pm(va) . For example, 
the intermediate pulse 2A is one pulse having a certain length . 
15 The trailing pulse 3A is located in the vicinity of a trailing 
edge of 11T recording light pulse A and has a peak power 
level Pp 3 ( va) . 

The erasing light pulse A is a light pulse for forming 
20 a space when the recording linear velocity is at the lowest 
recording linear velocity va. The erasing light pulse A is 
located adjacent to the 11T recording light pulse A and has 
an erasing power level Pe(va). 

25 Ppi(va) , Pm(va), Pp 3 (va) and Pe(va) satisfy a 

relationship of Pe(va) < Pm(va) < Ppi(va) = Pp 3 (va). 

The recording light pulse train B includes an 11T 
recording light pulse B and an erasing light pulse B. 

30 

The 11T recording light pulse B is a recording light 
pulse for forming a recording mark having a length of 11T 
when the recording linear velocity is at the highest recording 
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linear velocity vb. The recording light pulse train B 
includes a leading pulse IB, an intermediate pulse 2B and 
a trailing pulse 3B. 

5 The leading pulse IB is located in the vicinity of 

a leading edge of the 11T recording light pulse B and has 
a peak power level Ppi(vb). The intermediate pulse 2B is 
located at the central portion of the 11T recording light 
pulse B and has a middle power level Pm(vb) . For example, 
10 the intermediate pulse 2B is one pulse having a certain length . 

The trailing pulse 3B is located in the vicinity of a trailing 
edge of the 11T recording light pulse B and has a peak power 
level Pp 3 ( vb) . 

15 The erasing light pulse B is an light pulse for forming 

a space when the recording linear velocity is at the highest 
recording linear velocity vb. The erasing light pulse B is 
located adjacent to the 11T recording light pulse B and has 
an erasing power level Pe(vb) . 

20 

Ppi(vb), Pm(vb), Pp 3 (vb) and Pe(vb) satisfy a 
relationship of Pe(vb) < Pm(vb) < Ppi(vb) = Pp 3 (vb). 

The 11T recording light pulse does not necessarily 
25 include both the leading pulse 1 and the trailing pulse 3. 

The 11T recording light pulse may include at least one of 
the leading pulse 1 and the trailing pulse 3 depending on 
how much the heat energy affects the recording material of 
the optical disc 101. 

30 

Furthermore, it is not limited that the recording 
power level of the 11T recording light pulse has two values 
( Pp! = Pp 3 < Pm ) . The recording power level of the 1 IT recording 
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light pulse may have more than two values . For example , the 
recording power level of the 11T recording light pulse may 
have three values (Ppi Pp 3 and Pm < Pp 2 and Pm < Pp 3 ). 

5 Further, the intermediate pulse 2A and the in- 

termediate pulse 2B are not limited to one pulse having a 
predetermined length . 

For example, when the recording mark is formed in 
10 a relatively low recording rate, the intermediate pulse 2A 
and the intermediate pulse 2B may be multi-pulse train. For 
example , the multi-pulse train includes a plurality of pulses 
each having a pulse width of 0.5T. 

15 For example, when the recording mark is formed on 

the optical disc 101 at a high density and a high speed (e.g. 
when it is formed on a DVD-RAM) , the intermediate pulse 2A 
and the intermediate pulse 2B may be one pulse having a 
predetermined length. It is possible to properly control 

20 the recording mark width by irradiating a pulse having a 
middle power level Pm which is equal to an integral heat 
energy of the multi-pulse train. For example, when the 
optical disc 101 is made of phase change recording materials , 
the irradiation time of the recording light pulse becomes 

25 shorter as the recording rate increases. Therefore, 
irradiation of pulse with a middle power level Pm rapidly 
cools the portion at which recording mark is formed. As a 
result , it is possible to form amorphous mark without cooling 
with a multi-pulse train. 

30 

Figure 2B shows an 11T recording mark A and a space 
A and an 11T recording mark B and a space B. 
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The 11T recording mark A is formed on the optical 
disc 101 by irradiating the 11T recording light pulse A onto 
an information layer (not shown) of the optical disc 101 , 
when the recording linear velocity is at the lowest recording 
5 linear velocity va. The space A is formed on the optical 
disc 101 by irradiating the erasing light pulse A onto the 
information layer, when the recording linear velocity is 
at the lowest recording linear velocity va . The 11T recording 
mark B is formed on the optical disc 101 by irradiating the 

10 11T recording light pulse B onto the information layer when 
the recording linear velocity is at the highest recording 
linear velocity vb. The space B is formed oh the optical 
disc 101 by irradiating the erasing light pulse B onto the 
information layer when the recording linear velocity is at 

15 the highest recording linear velocity vb. 

The intermediate pulse 2A is a pulse for forming a 
central portion of the 11T recording mark A, among the 11T 
recording mark A and space A when the recording linear velocity 
20 is at the lowest recording linear velocity va. The in- 
termediate pulse 2B is a pulse for forming a central portion 
of the 11T recording mark B, among the 11T recording mark 
B and the space B when the recording linear velocity is at 
the highest recording linear velocity vb . 

25 

The leading pulse 1A, the trailing pulse 3A and the 
erasing light pulse A are pulses for forming a portion other 
than the central portion of the 11T recording mark A, among 
the 11T recording mark A and space A, when the recording 
30 linear velocity is at the lowest recording linear velocity 
va. The leading pulse IB, the trailing pulse 3B and the 
erasing light pulse B are pulses for forming a portion other 
than the central portion of the 11T recording mark B, among 
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the 11T recording mark B and the space B, when the recording 
linear velocity is at the highest recording linear velocity 
vb. 

5 Figure 2C shows a waveform PBa of the reproduction 

signal and a waveform PBb of the reproduction signal. The 
reproduction signal having a waveform PBa and the reproduction 
signal having a waveform PBb are output from the reproduction 
output 117 of the optical head 106 (see Figures 5A and 5B) . 

10 

The waveform PBa of the reproduction signal is 
detected by reproducing information presented by the 11T 
recording mark A, when the recording linear velocity is at 
the lowest recording linear velocity va. The waveform PBb 
15 of the reproduction signal is detected by reproducing 
information presented by the 11T recording mark B, when the 
recording linear velocity is at the highest recording linear 
velocity vb. 

20 The operation of laser power control circuit 115 will 

be described below with reference to Figures 2A to 2C. 

When the peak power level Pp(va) and the peak power 
level Pp(vb) are determined, the peak power level Pp(v) can 

25 be obtained by a continuous function Pp = fp(v) having only 
the recording linear velocity v as variable . This is because 
the peak power level Pp(v) determines the highest temperature 
of the heat energy necessary for amorphization of the 
recording mark , and therefore great ly depends on the recording 

30 linear velocity, which is the moving velocity of the heat 
energy. 



When the erasing power level Pe(va) and the erasing 
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power level Pe(vb) are determined, the erasing power level 
Pe(v) can be obtained by a continuous function Pe = fe(v) 
having only the recording linear velocity v as variable . 
This is because the erasing power level Pe(v) determines 
5 the optimum temperature of the heat energy necessary for 
crystallization of the space, and therefore greatly depends 
on the recording linear velocity, which is the moving velocity 
of the heat energy. 

10 However, the middle power level Pm(v) can not be 

obtained by a continuous function Pm r = fm(v) having only 
the recording linear velocity v as variable. For Pm' (vb) , 
the width MLb ' of the central portion of recording mark is 
shorter than the width MLb of the central portion of optimum 

15 recording mark (see Figure 2B) . This is because Pm' (vb) is 
lower than the optimum middle power level Pm(vb) (see Figure 
2A) . 

The middle power level Pm determines the heat energy 
20 that equalizes the mark width of the recording mark. Thus, 
the middle power level Pm depends on the peak power level 
Pp (which determines the highest temperature of the heat 
energy necessary for amorphization of the recording mark) 
and the erasing power level Pe (which determines the optimum 
25 temperature of the heat energy necessary for crystallization 
of the space). 

The first power coefficient a(v) defines a co- 
efficient (powerratio) that regulates the dependency between 
3 0 the middle power level Pm, the peak power level Pp and the 
erasing power level Pe. The first power coefficient cx(v) 
also depends on the recording linear velocity v . In general , 
the greater the recording linear velocity v, the greater 
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the first power coefficient a(v) . 

In accordance with an increase in the recording linear 
velocity v, the middle power level Pm and the peak power 
5 level Pp become equal to each other. For example, the middle 
power level Pm optimum for evenly forming the central portion 
of the recording mark is closer to the peak power level Pp 
in a case where the recording linear velocity v is greater 
compared to a case where the recording linear velocity v 
10 is smaller. 

The middle power level Pm( v) depends on the recording 
linear velocity v, the peak power level Pp( v) and the erasing 
power level Pe(v) . Accordingly, it satisfies a relationship 
15 shown in the following formula (1). 

Pm(v) = a(v) x (Pp(v) - Pe(v) ) + Pe(v) ...(1) 

The laser power control circuit 115 controls the 
20 middle power level Pm, in accordance with the formula (1). 

In this case, the mark width MLa of the recording mark having 
11T length when the recording linear velocity is va is equal 
to the mark width MLb when the recording linear velocity 
is vb . Since the first power coefficient a( v) is a continuous 
25 function a(v) of the recording linear velocity v, it is 
possible to form an even recording mark when the recording 
linear velocity is v (va < v < vb ) . 

The relationship between the middle power level Pm ( v ) , 
30 the recording linear velocity v, the peak power level Pp(v) 
and the erasing power level Pe(v) is not limited to the 
relationship shown in the formula (1). The relationship 
between the middle power level Pm( v) , the recording linear 
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velocity v, the peak power level Pp(v) and the erasing power 
level Pe(v) may be a relationship shown in the following 
formula (2) or formula (3). 

5 Pm(v) = a(v) x Pe(v) (2) 

Pm( v) = a(v) x Pp(v) ... (3) 

When the middle power level Pm(v) depends greatly 
on the erasing power level Pe(v) , the laser power control 
10 circuit 115 controls the middle power level Pm(v) in 
accordance with the formula (2). 

When the middle power level Pm(v) depends greatly 
on the peak power level Pp(v) , the laser power control circuit 
15 115 controls the middle power level Pra(v) in accordance with 
the formula (3). 

The optimization of the first power coefficient a( v) 
will be described below with reference to Figures 2A to 2C. 

20 

When a(va) is optimized, the waveform PBa of the 
reproduction signal is generally flat and the 11T recording 
mark A having an even mark width MLa is formed. 

25 When a(vb) is optimized, the waveform PBb of the 

reproduction signal is flat and the 11T recording mark B 
having an even mark width MLb is formed. When a(vb) is not 
optimized, the waveform PBb ' of the reproduction signal is 
not flat and the 11T recording mark B having an uneven mark 

30 width MLb' is formed. 

Thus, the laser power control circuit 115 observes 
a non-flat waveform of the reproduction signal having a 
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recording linear velocity v(va < v < vb) , and controls the 
middle power level Pm(v) so that the reproduction waveform 
becomes generally flat. Therefore, the first power co- 
efficient a(v) may be optimized and the mark width of 
5 relatively long recording mark may be equalized even if the 
recording linear velocity changes. 

Thus , an embodiment of the present invention has been 
described, with reference to Figures 1 and 2A to 2C. 

10 

In the embodiment shown in Figures 1 and 2A to 2C, 
for example, the system control circuit 102, the modulation 
circuit 103, the recording pulse train generation circuit 
104 and the laser power control circuit 115 correspond to 

15 "a pulse train generating means for generating a pulse train 
including a first pulse and a second pulse". The optical 
head 106, the spindle motor 107, the system control circuit 
102 and the recording system circuits 120 correspond to "a 
forming means for forming at least one of a recording mark 

20 and a space onto an information recording medium by ir- 
radiating a pulse train onto the information recording medium 
while rotating the information recording medium at a certain 
linear velocity" . The laser power control circuit 115 
corresponds to "a power level determining means for de- 

25 termining a power level of the first pulse in accordance 
with the linear velocity and a power level of the second 
pulse". Further, the intermediate pulse 2A or the in- 
termediate pulse 2B corresponds to "a first pulse for forming 
a central portion of the recording mark, among the recording 

30 mark and the space". The leading pulse 1A, trailing pulse 
3A and the erasing light pulse A (or the leading pulse IB, 
trailing pulse 3B and the erasing light pulse B) correspond 
to "a second pulse for forming a portion other than the central 
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portion of the recording mark, among the recording mark and 
the space" . 

However, the information recording apparatus 100 of 
5 the present invention is not limited to the embodiment shown 
in Figures 1 and 2A to 2C . The information recording apparatus 
100 can have any structure, as long as the information 
recording apparatus 100 includes the above-mentioned 
functions of "the pulse train generating means for 

10 generating a pulse train including a first pulse and a second 
pulse", "the forming means for forming at least one of a 
recording mark and a space onto an information recording 
medium by irradiating a pulse train onto the information 
recording medium while rotating the information recording 

15 medium at a certain linear velocity", and "the power level 
determining means for determining a power level of the first 
pulse in accordance with the linear velocity and a power 
level of the second pulse" . Any pulse can be used as a first 
pulse, as long as it is "a first pulse for forming a central 

20 portion of the recording mark, among the recording mark and 
the space" and any pulse can be used as a second pulse, as 
long as it is "a second pulse for forming a portion other 
than the central portion of the recording mark, among the 
recording mark and the space". 

25 

Figures 3A to 3D each show a relationship between 
the first power coefficient a(v) and the recording linear 
velocity v. When the value of the first power coefficient 
a(v) is optimized by the recording linear velocity v, the 
3 0 relationship between the first power coefficient a(v) and 
the recording linear velocity v presents several patterns 
depending on the materials of the optical disc 101 and/or 
the absolute value of the recording linear velocity. 
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Figure 3A shows a relationship (pattern 1) between 
the first power coefficient a(v) and the recording linear 
velocity v. The first power coefficient a(v) increases 
5 substantially linearly along with the increase in the 
recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity vb. Al- 
ternatively, the first power coefficient a(v) may increase 
substantially exponentially along with the increase in the 
10 recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity vb (see am 
(v) indicated in broken lines). 

Figure 3B shows a relationship (pattern 2) between 
15 the first power coefficient a(v) and the recording linear 
velocity v. 

The first power coefficient a(v) is substantially 
constant between the recording linear velocity vl and the 

20 recording linear velocity vb (the high speed side of the 
recording linear velocity v) without depending on the changes 
in the recording linear velocity v. Between the recording 
linear velocity vl and the recording linear velocity vb, 
the first power coefficient a(v) is substantially constant 

25 even if the peak power level Pp and the erasing power level 
Pe changes along with the changes in the recording linear 
velocity v. Accordingly, although the middle power level 
Pm changes along with the changes in the recording linear 
velocity v, the power ratio of the middle power level Pm 

30 and the peak power level Pp as well as the power ratio of 
the middle power level Pm and the erasing power level Pe 
are substantially constant . 
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The first power coefficient tx(v) increases sub- 
stantially linearly along with the increase in the recording 
linear velocity v, between the recording linear velocity 
va and the recording linear velocity vl . 

5 

Figure 3C shows a relationship (pattern 3) between 
the first power coefficient a(v) and the recording linear 
velocity v. 

10 The first power coefficient a(v) is substantially 

constant between the recording linear velocity va and the 
recording linear velocity v2 (the low speed side of the 
recording linear velocity v) without depending on the changes 
in the recording linear velocity v. Between the recording 

15 linear velocity va and the recording linear velocity v2 , 
the first power coefficient a(v) is substantially constant 
even if the peak power level Pp and the erasing power level 
Pe changes along with the changes in the recording linear 
velocity v. Accordingly, although the middle power level 

20 Pm changes along with the changes in the recording linear 
velocity v, the power ratio of the middle power level Pm 
and the peak power level Pp as well as the power ratio of 
the middle power level Pm and the erasing power level Pe 
are substantially constant. 

25 

The first power coefficient a(v) increases sub- 
stantially linearly along with the increase in the recording 
linear velocity v, between the recording linear velocity 
v2 and the recording linear velocity vb. 

30 

Figure 3D shows a relationship (pattern 4) between 
the first power coefficient a(v) and the recording linear 
velocity v. 
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The first power coefficient a(v) is substantially 
constant between the recording linear velocity v3 and the 
recording linear velocity v4 (the middle speed portion of 
5 the recording linear velocity v) without depending on the 
changes in the recording linear velocity v. Between the 
recording linear velocity v3 and the recording linear velocity 
v4, the first power coefficient a(v) is substantially constant 
even if the peak power level Pp and the erasing power level 

10 Pe changes along with the changes in the recording linear 
velocity v. Accordingly, although the middle power level 
Pm changes along with the changes in the recording linear 
velocity v, the power ratio of the middle power level Pm 
and the peak power level Pp as well as the power ratio of 

15 the middle power level Pm and the erasing power level Pe 
are substantially constant. 

The first power coefficient a(v) increases sub- 
stantially linearly along with the increase in the recording 
20 linear velocity v, between the recording linear velocity 
va and the recording linear velocity v3 as well as the recording 
linear velocity v4 and the recording linear velocity vb. 

As described with reference to Figures 2A to 2C, it 
2 5 is not limited that the recording power level of the 11T 
recording light pulse has two values (Pm < Pp a = Pp 3 )- The 
recording power level of the 11T recording light pulse may 
take a single value . For example , as described with reference 
to Figure 3B, when the relationship between the first power 
30 coefficient a(v) and the recording linear velocity v is 
pattern 2, the equation Pp 1 = Pp 3 = Pm may be satisfied between 
the recording linear velocity vl and the recording linear 
velocity vb. For example, as described with reference to 



• 
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Figure 3C, when the relationship between the first power 
coefficient a(v) and the recording linear velocity v is 
pattern 3, the equation Pp x = Pp 3 = Pm may be satisfied between 
the recording linear velocity va and the recording linear 
5 velocity v2 . 

The optical disc 101 may have an area on which a middle 
power level Pra(v) is previously recorded. The middle power 
level Pm is determined in accordance with the recording linear 
10 velocity v and the power level of the second pulse (e.g. 

at least one of the peak power level Pp and the erasing power 
level Pe) . 

The first power coefficient a(v) may be determined 
15 to a certain level depending on the recording material of 
the optical disc 101 and the recording linear velocity. 
Accordingly, the manufacturer of the optical disc 101 can 
determine a recommended first power coefficient a(v) . For 
example, the manufacturer of the optical disc 101 can write 
20 the value of the first power coefficient a(v) or the arithmetic 
expression of the first power coefficient a( v) on the control 
track of the optical disc 101. As a result, it is possible 
to reduce an optimum processing time of the first power 
coefficient a(v) . The first power coefficient a(v) in- 
25 dicates a relationship between the recording linear velocity 
v and the power level of the second pulse. 

Figure 4 shows a procedure of a formation process 
for forming a recording mark on an optical disc such that 
30 the mark width of the central portion of the recording mark 
may be formed properly. 

The procedure of the formation process includes a 
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power level determination step ( Steps 501 to 505 ) , a recording 
pulse train generation step (Step 506) and a recording mark 
formation step (Steps 507 and 508). 

5 The power level determination step is performed, for 

example, by the system control circuit 102 and the modulation 
circuit 103. 

The recording pulse train generation step is 
10 performed, for example, by the system control circuit 102, 
the modulation circuit 103, the recording pulse train 
generation circuit 104 and the laser power control circuit 
115. 

15 The recording mark formation step is performed, for 

example, by the optical head 106, the spindle motor 107, 
the system control circuit 10 2 and the recording system 
section 120. 

20 The procedure of the formation process will be 

described below for each step, with reference to Figures 
1 and 4 . 

Step 501 : The rotational velocity of the spindle motor 
25 107 is set to the linear velocity (v) in the recording area 
of the optical disc 101. 

Step 502: The seek operation of the optical head 106 
is performed for the recording area, and a location at which 
3 0 a recording mark is to be formed is set in the recording 
area . 



Step 503: The erasing power level Pe(v) is determined 
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based on the linear velocity (v) at the current location 
of the recording area. 

Step 504: The peak power level Pp(v) is determined 
5 based on the linear velocity (v) at the present location 
of the recording area. 

Step 505: The middle power level Pra(v) is determined 
based on at least one of the erasing power level Pe and the 
10 peak power level Pp, and the linear velocity (v) . 

Step 506: The recording pulse train generation 
circuit 104 generates a recording pulse train based on the 
determined erasing power level Pe(v), the determined peak 
15 power level Pp(v) and the determined middle power level Pm(v) . 

Step 507: The semiconductor laser apparatus mounted 
on the optical head 106 is driven by inputting the generated 
recording pulse train to the laser drive circuit 10 5. The 
20 semiconductor laser apparatus irradiates light corre- 
sponding to the generated pulse train. 

Step 508 : At least one of a recording mark and a space 
is formed on the optical disc 101 . Then, the formation process 
25 is completed. 

Thus , an embodiment of the present invention has been 
described, with reference to Figure 4. 

30 In the embodiment shown in Figure 4, for example, 

Steps 501 to 506 correspond to "a step of generating a pulse 
train including a first pulse and a second pulse" . Steps 
507 and 508 correspond to "a step of forming at least one 
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of a recording mark and a space onto an information recording 
medium by irradiating the pulse train onto the information 
recording medium while rotating the information recording 
medium at a certain linear velocity" . Step 50 5 corresponds 
5 to "a step of determining a power level of the first pulse 
in accordance with the linear velocity and a power level 
of the second pulse" . Further, the intermediate pulse 2A 
or the intermediate pulse 2B corresponds to "a first pulse 
for forming a central portion of the recording mark, among 

10 the recording mark and the space". The leading pulse 1A, 
the trailing pulse 3A and the erasing light pulse A (or the 
leading pulse IB, the trailing pulse 3B and the erasing light 
pulse B) correspond to "a second pulse for forming a portion 
other than the central portion of the recording mark, among 

15 the recording mark and the space". 

However, the procedure of the formation process of 
the present invention is not limited to the embodiment shown 
in Figure 4. Any process may be implemented, as long as the 

20 procedure provides the above-mentioned functions of "a step 
of generating a pulse train including a first pulse and a 
second pulse" , "a step of forming at least one of a recording 
mark and a space onto an information recording medium by 
irradiating the pulse train onto the information recording 

2 5 medium while rotating the information recording medium at 
a certain linear velocity", and "a step of determining a 
power level of the first pulse in accordance with the linear 
velocity and a power level of the second pulse". Further, 
any pulse can be used as a first pulse, as long as it is 

30 "a first pulse for forming a central portion of the recording 
mark, among the recording mark and the space". Any pulse 
can be used as a second pulse, as long as it is "a second 
pulse for forming a portion other than the central portion 
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of the recording mark, among the recording mark and the space" . 

According to the information recording method, the 
information recording apparatus and the information re- 
5 cording medium of the present invention, the power level 
of the first pulse is determined depending on the linear 
velocity and the power level of the second pulse (depending 
on the first power coefficient a (v) ) , without depending solely 
on the linear velocity • The first pulse is a pulse for forming 
10 a central portion of the recording mark, among the recording 
mark and the space. The second pulse is a pulse for forming 
a portion other than the central portion of the recording 
mark, among the recording mark and the space. 

15 As a result, the mark width of the central portion 

of the recording mark can be formed properly, even when the 
mark width of the central portion of the recording mark is 
formed depending on the linear velocity and the power level 
of the second pulse. 

20 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, a recording mark 
having even mark width can be formed even if information 

25 is recorded at a constant angular velocity at a high density 
and a high speed (for example, when information is recorded 
on a DVD-RAM) . Furthermore, a recording/reproduction signal 
having a favorable overwrite property can be obtained. As 
a result, highly reliable recording/reproduction per- 

30 formance can be secured throughout the entire information 
recording medium. 

3 . Proper formation of the mark width of the short recording 
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mark 

Figures 5A and 5B are diagrams for explaining the 
proper formation of the mark width of the short recording 
5 mark . 

Figure 5A shows a waveform of a recording light pulse 
train A ' and a waveform of a recording light pulse train 
B'. The recording light pulse train A' and the recording 
10 light pulse train B' are observed by the emission output 
116 of the optical head 106 (see Figure 1). 

The recording light pulse train A' includes a 3T 
recording light pulse A', an 11T recording light pulse A' 
15 and an erasing light pulse A' . 

The 3T recording light pulse A' is a recording light 
pulse for forming a recording mark having a length of 3T 
when the recording linear velocity is at the lowest recording 
20 linear velocity va. The 3T recording light pulse A' is a 
peak pulse having a peak power level Pps(va) . 

The 11T recording light pulse A' is a recording light 
pulse for forming a recording mark having a length of 11T 
25 when the recording linear velocity is at the lowest recording 
linear velocity va. The recording light pulse train A r 
includes a leading pulse 1A' , an intermediate pulse 2A' and 
a trailing pulse 3A' . 

30 The leading pulse lA r is located in the vicinity of 

the leading edge of the 11T recording light pulse A' and 
has a peak power level Ppl a (va) . The intermediate pulse 2A' 
is located at the central portion of the 11T recording light 
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pulse A f . The trailing pulse 3A' is located in the vicinity 
of the trailing edge of the 11T recording light pulse A' 
and has a peak power level Ppl 3 (va) . 

5 The erasing light pulse A ' is a light pulse for forming 

a space when the recording linear velocity is at the lowest 
recording linear velocity va. The erasing light pulse A' 
is located between the 3T recording light pulse A' and the 
11T recording light pulse A' , and has an erasing power level 
10 Pe(va). 

Pps(va), Ppl x (va) # Ppl 3 (va) and Pe(va) satisfy a 
relationship of Pe(va) < Ppli(va) = Ppl 3 (va) < Pps(va). 

15 The recording light pulse train B' includes a 3T 

recording light pulse B r , an 11T recording light pulse B r 
and an erasing light pulse B'. 

The 3T recording light pulse B' is a recording light 
2 0 pulse for forming a recording mark having a length of 3T 
when the recording linear velocity is at the highest recording 
linear velocity vb. The 3T recording light pulse B r is a 
peak pulse having a peak power level Pps(vb). 

25 The 11T recording light pulse B' is a recording light 

pulse for forming a recording mark having a length of 11T 
when the recording linear velocity is at the highest recording 
linear velocity vb . The recording light pulse train B ' 
includes a leading pulse IB ' , an intermediate pulse 2B' and 

30 a trailing pulse 3B ' . 



The leading pulse IB' is located in the vicinity of 
the leading edge of 11T recording light pulse B r and has 
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a peak power level Ppli(vb) . The intermediate pulse 2B ' is 
located at the central portion of the 11T recording light 
pulse B' . The trailing pulse 3B r is located in the vicinity 
of the trailing edge of the 11T recording light pulse B' 
5 and has a peak power level Ppl 3 (vb). 

The erasing light pulse B ' is a light pulse for forming 
a space when the recording linear velocity is at the highest 
recording linear velocity vb. The erasing light pulse B' 
10 is located between the 3T recording light pulse B' and the 
11T recording light pulse B' and has an erasing power level 
Pe(vb) . 

Pps(vb), Ppli(vb), Ppl 3 (vb) and Pe(vb) satisfy a 
15 relationship of Pe(vb) < Ppli(vb) = Ppl 3 (vb) < Pps(vb). 

The 11T recording light pulse does not necessarily 
include both the leading pulse 1 and the trailing pulse 3 . 
The 11T recording light pulse may include at least one of 
20 the leading pulse 1 and the trailing pulse 3 depending on 
how much the heat energy affects the recording material of 
the optical disc 101. 

Furthermore, it is not limited that the recording 
25 power level of the 11T recording light pulse has two values 
( Pm < Ppi = Pp 3 ) . The recording power level of the 1 IT recording 
light pulse may have more than two values. For example, the 
recording power level of the 11T recording light pulse may 
have three values (Pp A ^ Pp 3 and Pm < Ppi and Pm < Pp 3 ) . Pm 
30 represents a middle power level of the intermediate pulse. 

Further, the intermediate pulse 2A' and the in- 
termediate pulse 2B' are not limited to one pulse having 
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a predetermined length. 

For example, when the recording mark is formed in 
a relatively low recording rate, the intermediate pulse 2A' 
5 and the intermediate pulse 2B' may be multi-pulse train. 
For example, the multi-pulse train includes a plurality of 
pulses each having a pulse width of 0.5T. 

For example, when the recording mark is formed on 
10 an optical disc 101 at a high density and a high speed (e.g. 

when it is formed on a DVD-RAM) , the intermediate pulse 2A' 
and the intermediate pulse 2B r may be one pulse having a 
predetermined length. It is possible to properly control 
the recording mark width by irradiating a pulse having a 
15 middle power level Pm which is equal to an integral heat 
energy of the multi-pulse train . For example , when an optical 
disc 101 is made of phase change recording materials, the 
irradiation time of the recording light pulse becomes shorter 
as the recording rate increases. Therefore, irradiation of 
20 pulse with a middle power level Pm rapidly cools the portion 
at which recordingmark is formed. As a result , it is possible 
to form amorphous mark without cooling with a multi-pulse 
train . 

2 5 Figure 5B shows a 3T recording light pulse A' , an 

1 IT recording mark A ' and a space A ' , as well as a 3T recording 
light pulse B', an 11T recording mark B' and a space B'. 

The 3T recording mark A' is formed on the optical 
30 disc 101 by irradiating the 3T recording light pulse A' onto 
an information layer (not shown) of the optical disc 101 
when the recording linear velocity is at the lowest recording 
linear velocity va. The 11T recording mark A' is formed on 
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the optical disc 101 by irradiating the 11T recording light 
pulse A' onto the information layer when the recording linear 
velocity is at the lowest recording linear velocity va. The 
space A' is formed on the optical disc 101 by irradiating 
5 the erasing light pulse A' onto the information layer when 
the recording linear velocity is at the lowest recording 
linear velocity va. 

The 3T recording mark B' is formed on the optical 
10 disc 101 by irradiating the 3T recording light pulse B' onto 
the information layer when the recording linear velocity 
is at the highest recording linear velocity vb. The 11T 
recording mark B is formed on the optical disc 101 by 
irradiating the 11T recording light pulse B' onto the 
15 information layer when the recording linear velocity is at 
the highest recording linear velocity vb. The space B' is 
formed on the optical disc 101 by irradiating the erasing 
light pulse B' onto the information layer when the recording 
linear velocity is at the highest recording linear velocity 
20 vb. 

When a power level of the pulse for forming relatively 
short recording mark (for example, the 3T recording mark 
A r ) and a power level of the pulse for forming relatively 

25 long recording mark (for example, the 11T recording mark 
A') are the same, it becomes more difficult to evenly form 
the width of the relatively short recording mark and the 
width of the relatively long recording mark as the recording 
rate increases . This is because when the recording rate 

30 increases, the irradiation time of the recording light for 
forming relatively short recording mark decreases, which 
results in lack of heat energy for the amorphization of the 
recording mark. 
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Accordingly, when the recording linear velocity is 
at the lowest recording linear velocity va, the peak power 
level Pps(va) is set relatively higher than the peak power 
5 level Ppl(va). As a result, the recording mark width MSa 
of the 3T recording mark A ' may be equalized with the recording 
mark width MLa of the 11T recording mark A' . 

The operation of the laser power control circuit 115 
10 will be described below with reference to Figures 5A and 
5B. 

When the peak power level Ppl(va) and the peak power 
level Ppl(vb) are determined, the peak power level Ppl(v) 

15 can be obtained by a continuous function Ppl = fpl(v) having 
only the recording linear velocity v as variable. This is 
because the peak power level Ppl(v) determines the highest 
temperature of the heat energy necessary for amorphization 
of the recording mark, and therefore greatly depends on the 

20 recording linear velocity, which is the moving velocity of 
the heat energy. 

When the erasing power level Pe(va) and the erasing 
power level Pe(vb) are determined, the erasing power level 

25 Pe(v) can be obtained by a continuous function Pe = fe(v) 
having only the recording linear velocity v as variable. 
This is because the erasing power level Pe(v) determines 
the optimum temperature of the heat energy necessary for 
crystallization of the space, and therefore greatly depends 

30 on the recording linear velocity , which is the moving velocity 
of the heat energy. 



However, the peak power level Pps(v), can not be 
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obtained by a continuous function Pps = fps(v) having only 
the recording linear velocity v as variable. For Pps ' (vb) , 
the width MSb ' of the central portion of recording mark is 
shorter than the width MSb of the optimum 3T recording mark 
5 (see Figure 3B) . This is because Pps' (vb) is lower than the 
optimum peak power level Pps(vb) (see Figure 5A) . 

The peak power level Pps determines the heat energy 
that equalizes the width of the 3T recording mark and the 

10 mark width of the 11T recording mark. Thus, the peak power 
level Pps depends on the peak power level Ppl ( which determines 
the highest temperature of the heat energy that controls 
the 11T recording mark) and the erasing power level Pe (which 
determines the optimum temperature of the heat energy 

15 necessary for crystallization of the space). 

The second power coefficient fJ(v) defines a co- 
efficient (power ratio) that regulates the dependency between 
the peak power level Pps, the peak power level Ppl and the 
20 erasing power level Pe. The second power coefficient P(v) 
also depends on the recording linear velocity v . In general , 
the greater the recording linear velocity v, the greater 
the second power coefficient P(v) . 

25 In accordance with a decrease in the recording linear 

velocity v, the peak power level Pps and the peak power level 
Ppl become equal to each other. For example, the peak power 
level Pps optimum for evenly forming the mark width of the 
3T recording mark and the mark width of the 11T recording 

30 mark is closer to the peak power level Ppl in a case where 
the recording linear velocity v is smaller compared to a 
case where the recording linear velocity v is greater. 
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The peak power level Pps(v) depends on the recording 
linear velocity v, the peak power level Ppl(v) and the erasing 
power level Pe(v) . Accordingly, it satisfies a relationship 
shown in the following formula (4). 

5 

Pps = 0(v) x (Ppl - Pe) + Pe . .. (4) 

The laser power control circuit 115 controls the peak 
power level Pps in accordance with the formula (4) . In this 

10 case, the mark width MSa of the 3T recording mark and the 
mark width MLa of the 11T recording mark becomes equal when 
the recording linear velocity is va. Furthermore, the mark 
width MSb of the 3T recording mark and the mark width MLb 
of the 11T recording mark becomes equal when the recording 

15 linear velocity is vb . Since the second power coefficient 
P(V) is a continuous function P(V) of the recording linear 
velocity v, it is possible to form an even recording mark 
when the recording linear velocity is v (va < v < vb). 

2 0 The relationship between the peak power level Pps ( v ) , 

the recording linear velocity v, the peak power level Ppl( v) 
and the erasing power level Pe(v) is not limited to the 
relationship shown in the formula (4). The relationship 
between the peak power level Pps(v), the recording linear 

25 velocity v, the peak power level Ppl(v) and the erasing power 
level Pe(v) may be a relationship shown in the following 
formula (5) or formula (6). 

Pps = 0(v) x Ppl ... (5) 
30 Pps = P(v) x Ppl + Ppl ... (6) 

When the peak power level Pps(v) depends greatly on 
the absolute value of the peak power level Ppl, the laser 
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power control circuit 115 controls the peak power level Pps ( v) 
in accordance with the formula (5). 

When the peak power level Pps(v) depends greatly on 
5 the difference of the peak power level Ppl(v), the laser 
power control circuit 115 controls the peak power level Pps ( v ) 
in accordance with the formula (6). 

The optimization of the second power coefficient P( v) 
10 will be described below with reference to Figures 5A and 
5B. 

For example, at the recording linear velocity vb, 
the 11T recording mark is first recorded on the substrate, 

15 and then the 3T recording mark is overwritten thereon . Then , 
0(v) is obtained such that the reproduction jitter for the 
3T recording mark is improved. If the fS(v) is not within 
an appropriate range of value, the mark width MSb 9 of the 
3T recording mark becomes narrower than the mark width MLb 

20 of the 11T recording mark. As a result, even if the 11T 
recording mark is overwritten by the 3T recording mark, the 
1 IT recording mark recorded on the substrate remains unerased, 
and the 3T reproduction jitter is degraded. 

2 5 Thus , an embodiment of the present invention has been 

described, with reference to Figures 1, 5A and 5B. 

In the embodiment shown in Figures 1, 5A and 5B, for 
example, the system control circuit 102, the modulation 
30 circuit 103, the recording pulse train generation circuit 
104 and the laser power control circuit 115 correspond to 
"a pulse train generating means for generating a pulse train 
including a first peak pulse and a second peak pulse" . The 
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optical head 106, the spindle motor 107 , the system control 
circuit 102 and the recording system section 120 correspond 
to "a forming means for forming at least one of a long recording 
mark, a short recording mark and a space onto an information 
5 recording medium by irradiating a pulse train onto the 
information recording medium while rotating the information 
recording medium at a certain linear velocity" . The laser 
power control circuit 115 corresponds to "a power level 
determining means for determining a power level of the first 

10 peak pulse in accordance with the linear velocity and a power 
level of the second peak pulse". Furthermore, the 3T 
recording mark A r or the 3T recording mark B' corresponds 
to the "a first peak pulse for forming a short recording 
mark" , and the leading pulse 1A' or the trailing pulse 3A' (or 

15 the leading pulse IB' or the trailing pulse 3B' ) correspond 
to "a second peak pulse for forming a long recording mark" . 

However, the information recording apparatus 100 of 
the present invention is not limited to the embodiment shown 

20 in Figures 1 , 5A and 5B . The information recording apparatus 
100 can have any structure, as long as the information 
recording apparatus 100 includes the above-mentioned 
functions of "the pulse train generating means for generating 
a pulse train including a first peak pulse and a second peak 

25 pulse", "the forming means for forming at least one of a 
long recording mark, a short recording mark and a space onto 
an information recording medium by irradiating a pulse train 
onto the information recording medium while rotating the 
information recording medium at a certain linear velocity" , 

30 and "the power level determining means for determining a 
power level of the first peak pulse in accordance with the 
linear velocity and a power level of the second peak pulse" . 
Any pulse can be used as a first pulse, as long as it is 
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"a first peak pulse for forming a short recording mark" . 
Any pulse can be used as a second pulse, as long as it is 
"a second peak pulse for forming a long recording mark". 

5 Figures 6A to 6D each show a relationship between 

the second power coefficient P(v) and the recording linear 
velocity v. When the value of the second power coefficient 
P(v) is optimized by the recording linear velocity v # the 
relationship between the second power coefficient p(v) and 
10 the recording linear velocity v presents several patterns 
depending on the materials of the optical disc 101 and/or 
the absolute value of the recording linear velocity. 

Figure 6A shows a relationship (pattern 5) between 
15 the second power coefficient P(v) and the recording linear 
velocity v. The second power coefficient P(v) increases 
substantially linearly along with the increase in the 
recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity vb . Al- 
20 ternatively, the second power coefficient P(v) may increase 
substantially exponentially along with the increase in the 
recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity vb ( see Pm 
(v) indicated in broken lines). 

25 

Figure 6B shows a relationship (pattern 6) between 
the second power coefficient P (v) and the recording linear 
velocity v. 

30 The second power coefficient P(v) is substantially 

constant between the recording linear velocity vl and the 
recording linear velocity vb (the high speed side of the 
recording linear velocity v) without depending on the changes 
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in the recording linear velocity v. Between the recording 
linear velocity vl and the recording linear velocity vb, 
the second power coefficient |3(v) is substantially constant 
even if the peak power level Ppl and the erasing power level 
5 Pe changes along with the changes in the recording linear 
velocity v. Accordingly, the power ratio of the peak power 
level Ppl and the peak power level Pps is substantially 
constant . 

10 The second power coefficient P(v) increases 

substantially linearly along with the increase in the 
recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity vl . 

15 Figure 6C shows a relationship (pattern 7) between 

the second power coefficient (3(v) and the recording linear 
velocity v. 

The second power coefficient |5(v) is substantially 
20 constant between the recording linear velocity va and the 
recording linear velocity v2 (the low speed side of the 
recording linear velocity v) without depending on the changes 
in the recording linear velocity v. Between the recording 
linear velocity va and the recording linear velocity v2, 
25 the second power coefficient |3(v) is substantially constant 
even if the peak power level Ppl and the erasing power level 
Pe changes along with the changes in the recording linear 
velocity v. Accordingly, the power ratio of the peak power 
level Ppl and the peak power level Pps is substantially 
30 constant. 

The second power coefficient (J(v) increases 
substantially linearly along with the increase in the 
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recording linear velocity v, between the recording linear 
velocity v2 and the recording linear velocity vb . 

Figure 6D shows a relationship (pattern 8) between 
5 the second power coefficient P(v) and the recording linear 
velocity v. 

The second power coefficient (5(v) is substantially 
constant between the recording linear velocity v3 and the 

10 recording linear velocity v4 (the middle speed portion of 
the recording linear velocity v) without depending on the 
changes in the recording linear velocity v. Between the 
recording linear velocity v3 and the recording linear velocity 
v4, the second power coefficient 0(v) is substantially 

15 constant even if the peak power level Ppl and the erasing 
power level Pe changes along with the changes in the recording 
linear velocity v. Accordingly, the power ratio of the peak 
power level Ppl and the peak power level Pps is substantially 
constant . 

20 

The second power coefficient (5(v) increases 
substantially linearly along with the increase in the 
recording linear velocity v, between the recording linear 
velocity va and the recording linear velocity v3 as well 
25 as the recording linear velocity v4 and the recording linear 
velocity vb . 

As described with reference to Figures 5A and 5B, 
it is not limited that the peak power level Ppl and the peak 
30 power level Pps have different values (Ppl ¥= Pps) . The peak 
power level Ppl and the peak power level Pps may have the 
same value (Ppl = Pps). For example, as described with 
reference to Figure 6B, when the relationship between the 
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second 1 power coefficient 0(v) and the recording linear 
velocity v is pattern 6 , an equation Ppl = Pps may be satisfied 
between the recording linear velocity vl and the recording 
linear velocity vb . For example , as described with reference 
5 to Figure 6C, when the relationship between the second power 
coefficient (3(v) and the recording linear velocity v is 
pattern 7, an equation Ppl = Pps may be satisfied between 
the recording linear velocity va and the recording linear 
velocity v2 . 

10 

The relatively short recording mark is described 
above as a 3T recording mark, which is a recording mark with 
the shortest modulation code. However, it may include a 
certain length of recording mark from the shortest recording 
15 mark. For example, the relatively short recording mark may 
include recording marks having two types of lengths, e.g. 
a 3T recording mark and a 4T recording mark. 

Further, the relatively short recording mark is not 
20 limited to a 3T recording mark and the relatively long 
recording mark is not limited to an 11T recording mark. • The 
relatively long recording mark only needs to be longer than 
the relatively short recording mark (for example, the 
relatively long recording mark may be a 5T recording mark 
2 5 and the relatively short recording mark may be a 4T recording 
mark) . 

The optical disc 101 may have an area on which a peak 
power level Pps(v) is previously recorded. The peak power 
30 level Pps(v) is determined in accordance with the recording 
linear velocity v and the peak power level Ppl(v). 

The second power coefficient fi(v) may be determined 
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to a certain level depending on the recording material of 
the optical disc 101 and the recording linear velocity. 
Accordingly, the manufacturer of the optical disc 101 can 
determine a recommended second power coefficient P(v) . For 
5 example, the manufacturer of the optical disc 101 can write 
the value of the second power coefficient fJ(v) or the 
arithmetic expression of the second power coefficient P(v) 
on the control track of the optical disc 101. As a result, 
it is possible to reduce an optimum processing time of the 
10 second power coefficient fi(v) . The second power coefficient 
P(v) indicates a relationship between the recording linear 
velocity v, the peak power level Pps(v) and the peak power 
level Ppl(v) . 

15 Figure 7 shows a procedure of a formation process 

for forming a recording mark on an optical disc such that 
the mark width of the short recording mark may be formed 
properly. 

20 The procedure of the formation process includes a 

power level determination step ( Steps 601 to 605 ) , a recording 
pulse train generation step (Step 606) and a recording mark 
formation step (Steps 607 and 608). 

2 5 The power level determination step is performed, for 

example, by the system control circuit 102 and the modulation 
circuit 103. 

The recording pulse train generation step is 
30 performed, for example, by the system control circuit 102, 
the modulation circuit 103, the recording pulse train 
generation circuit 104 and the laser power control circuit 
115. 
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The recording mark formation step is performed, for 
example, by the optical head 106, the spindle motor 107, 
the system control circuit 102 and the recording system 
5 section 120 . 

The procedure of the formation process will be 
described below for each step, with reference to Figures 
1 and 7. 

10 

Step 601 : The rotational velocity of the spindle motor 
107 is set to the linear velocity (v) in the recording area 
of the optical disc 101. 

15 Step 602: The seek operation of the optical head 106 

is performed for the recording area, and a location at which 
a recording mark is to be formed is set in the recording 
area. 

20 Step 603: The erasing power level Pe (v) is determined 

based on the linear velocity (v) at the current location 
of the recording area. 

Step 604: The power level Ppl (v) of the long recording 
2 5 mark peak is determined based on the linear velocity (v) 
at the current location of the recording area. 

Step 605: The power level Pps(v) of the short 
recording mark is determined based on the peak power level 
30 Ppl(v) or based on the erasing power level Pe(v) and peak 
power level Ppl(v) . 

Step 606: The recording pulse train generation 
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circuit 104 generates a recording pulse train based on the 
determined erasing power level Pe(v), the determined peak 
power level Pps ( v ) and the determined peak power level Ppl ( v ) . 

5 Step 607: The semiconductor laser apparatus mounted 

on the optical head 106 is driven by inputting the generated 
recording pulse train to the laser drive circuit 105. The 
semiconductor laser apparatus irradiates light corre- 
sponding to the generated pulse train. 

10 

Step 608 : At least one of a recording mark and a space 
is formedon the optical disc 101. Then, the formation process 
is completed. 

15 Thus , an embodiment of the present invention has been 

described, with reference to Figure 7. 

In the embodiment shown in Figure 7 , for example. 
Steps 601 to 606 correspond to "a step of generating a pulse 

20 train including a first peak pulse and a second peak pulse" . 

Steps 607 and 608 correspond to "a step of forming at least 
one of a long recording mark, a short recording mark and 
a space onto an information recording medium by irradiating 
the pulse train onto the information recording medium while 

25 rotating the information recording medium at a certain linear 
velocity". Step 605 corresponds to "a step of determining 
a power level of the first peak pulse in accordance with 
the linear velocity and a power level of the second peak 
pulse". Furthermore, the 3T recording mark A ' or the 3T 

30 recording mark B' corresponds to "a first peak pulse for 
forming a short recording mark". The leading pulse 1A' or 
the trailing pulse 3A ' (or the leading pulse IB ' or the trailing 
pulse 3B' ) correspond to "a second peak pulse for forming 
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a long recording mark". 

However, the procedure of the formation process of 
the present invention is not limited to the embodiment shown 
5 in Figure 7. Any process may be implemented, ss long as the 
procedure provides the above-mentioned functions of "a step 
of generating a pulse train including a first peak pulse 
and a second peak pulse", "a step of forming at least one 
of a long recording mark, a short recording mark and a space 

10 onto an information recording medium by irradiating a pulse 
train onto the information recording medium while rotating 
the inf ormat ion recording medium at a certain linear velocity" , 
and "a step of determining a power level of the first peak 
pulse in accordance with the linear velocity and a power 

15 level of the second peak pulse" . Further, any pulse can be 
used as a first pulse, as long as it is "a first peak pulse 
for forming a short recording mark" . Any pulse can be used 
as a second pulse, as long as it is "a second peak pulse 
for f orming a long recording mark" . 

20 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, the power level 
of the first peak pulse for forming the short recording mark 
25 is determined depending on the power level of the second 
peak pulse for forming the long recording mark and the linear 
velocity (depending on the second power coefficient fJ(v) ) , 
without depending solely on the linear velocity. 

30 As a result, the width of the short recording mark 

can be formed properly, even when the width of the short 
recording mark is formed depending on the linear velocity 
and the power level of the second peak pulse. 
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According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, the second power 
5 coefficient 0(v), which is a ratio of the peak power level 
of the relatively long recording mark and the peak power 
level of the relatively short recording mark, changes in 
accordance with the recording linear velocity. Therefore, 
the width of the relatively long recording mark and the width 
10 of the relatively short recording mark becomes even, and 
a recording/reproduction signal having a favorable overwrite 
property may be obtained throughout the entire surface of 
an optical disc. 

15 As described above, the present invention is 

exemplified by the use of the preferred embodiments of the 
present invention. However, the present invention should 
not be interpreted solely based on the embodiments described 
above. It is understood that the scope of the present 

20 invention should be interpreted solely based on the claims. 

It is also understood that those skilled in the art can 
implement equivalent scope of technology, based on the 
description of the present invention and common knowledge 
from the description of the detailed preferred embodiments 

25 of the present invention . Furthermore, it is understood that 
any patent, any patent application and any references cited 
in the present specification should be incorporated by 
reference in the present specification in the same manner 
as the contents are specifically described therein. 

30 

INDUSTRIAL APPLICABILITY 



According to the information recording method, the 
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information recording apparatus and the information re- 
cording medium of the present invention, the power level 
of the first pulse is determined depending on the linear 
velocity and the power level of the second pulse, without 
depending solely on the linear velocity. The first pulse 
is a pulse for forming a central portion of the recording 
mark, among the recording mark and the space. The second 
pulse is a pulse for forming a portion other than the central 
portion of the recording mark, among the recording mark and 
the space. 

As a result, the mark width of the central portion 
of the recording mark can be formed properly, even when the 
mark width of the central portion of the recording mark is 
formed depending on the linear velocity and the power level 
of the second pulse. 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, the power level 
of the first peak pulse for forming the short recording mark 
is determined depending on the power level of the second 
peak pulse for forming the long recording mark and the linear 
velocity, without depending solely on the linear velocity. 

As a result , the width of the short recording mark 
can be formed properly, even when the width of the short 
recording mark is formed depending on the linear velocity 
and the power level of the second peak pulse. 

According to the information recording method, the 
information recording apparatus and the information re- 
cording medium of the present invention, a recording mark 
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having even mark width can be formed even if information 
is recorded at a constant angular velocity at a high density 
and a high speed (for example, when information is recorded 
on a DVD -RAM) . Furthermore, a recording/reproduction signal 
having favorable overwrite property can be obtained- As a 
result, highly reliable recording/reproduction performance 
can be secured throughout the entire information recording 
medium . 



